As part of the Saph Pani project, a rapid assessment of a riverbank filtration site in Haridwar and data from literature on riverbank filtration and managed aquifer recharge in India are used for a strengthsweaknesses-opportunities-threats (SWOT) analysis based on environmental, social, institutional and economic aspects. Both technologies show a high potential for future application in India, where alternative solutions are required to mitigate water scarcity and reduce the over-exploitation of groundwater aquifers.
INTRODUCTION
In India traditional approaches to manage water scarcity based on lifestyle adaptations that minimised consumption and maximised beneficial local use were practised until the 1970s. Highly variable rainfall over time and space and a growing population has driven India's society to depend increasingly on groundwater and its use in India has been constantly rising in the last 60 years from 10-20 km 3 before 1950 to 240-260 km 3 in 2010 (Shah ) . Groundwater covers 85% of drinking water supplies, but the resource is not infinite: it is projected that by 2030 around 60% of the groundwater sources will be in a critical state of degradation (World Bank ). Possible ways to address the lack of groundwater is through replenishment of groundwater or by the use of alternative water sources such as river water.
This paper presents two approaches: riverbank filtration (RBF) systems and managed aquifer recharge (MAR).
MAR is the planned augmentation of the amount of groundwater available through works designed to increase the natural replenishment or percolation of surface waters into the aquifers, resulting in a corresponding increase in the amount of groundwater available for abstraction (Oaksford ), which is one of the oldest activities undertaken in India to conserve rainwater both above ground and underground. The process of RBF is initiated by the lowering of the groundwater table below that of an adjoining surface water table which causes surface water to flow through the permeable river bed and bank or lake bed into the aquifer as a result of the difference in water levels. This paper reports on a survey of existing MAR and RBF systems across India and presents results of the evaluation of one selected RBF system with an emphasis on non-technical aspects.
METHODOLOGY
To assess the potential of MAR and RBF in India, a strengths-weaknesses-opportunities-threats (SWOT) analysis was conducted. SWOT analysis was initially developed for business management, but has also been used in natural resource management. The SWOT analysis provides a frame work for analyzing a situation by identifying strengths and weaknesses, but also recognises opportunities and threats and thereby can help to assess the overall potential of a technology in a given context.
The data which have been used for the SWOT analysis stem largely from a literature review which preceded the SWOT analysis. The literature review showed that a large number of evaluation studies has been carried out for various MAR projects in India and therefore no additional data were required for the SWOT analyses for MAR.
For RBF, in addition to the literature review, a case study was used to collect additional data with respect to consumer opinion and cost data. The case study has been conducted in Haridwar, Uttarakhand. The first RBF well was constructed in 1965. The proportion of pre-treated water for drinking originating from the 22 riverbank filtration (RBF) wells is around 68%, with the remaining 32% from groundwater abstraction wells (Sandhu & Grischek ) . A schematic flow chart is provided in Existing evaluation results show that the water conforms to the Indian standard for water quality after disinfection.
The abstracted water from the RBF wells only requires disinfection by chlorination, and provides safe drinking water even when facing high variations in water demand and during monsoons (Sandhu et al. ) . Ten consumers of water from RBF, both from households and hotels in Haridwar, were interviewed about their perception of the water from the piped water supply system. The sample characteristics can be seen in Table 1 .
RESULTS

Riverbank filtration
Around 14 existing RBF sites could be identified in India No studies dealing with the impact of the RBF system on the river environment could be identified. Many systems were assessed for their efficiency and sustainability in providing pre-treated raw water of superior quality compared to directly abstracted surface water (for subsequent treatment to drinking water quality). In Uttarakhand, India, the main benefit of RBF compared to direct abstraction of surface water is a significant removal of total and fecal coliforms and turbidity Only in Dandeli, by the Kali River in Karnataka, was a social evaluation performed for a pilot RBF system for rural drinking water supply. Sample household surveys were carried out to test the acceptance of the RBF system. The study concluded that the RBF system has gained widespread acceptance (Boving et al. ) . Also, institutional aspects have rarely been assessed so far. The satisfaction of users with the existing organisational framework was assessed in one case study in rural Karnataka (Boving et al. ) . It showed that the community was well aware of the existence of the Water User Association which was operating the system and collected the user fees, but the trustworthiness of the Water User Association was questioned by some respondents. For one system, economic information was provided:
in the case study in Karnataka the costs of the RBF system for rural drinking water supply have been documented: the system serves 4,000 people and the construction costs were INR 600,000. Annual operation and maintenance (O&M)
costs add up to INR 63,500 (TERI ). As shown above, whereas the technical and hygienic performance of RBF is well documented, only a few studies have included social, institutional and economic aspects. Hence, almost no evaluation reports are available where an integrated assessment of RBF systems was conducted. Therefore, the urban RBF system comprising 22 production wells in Haridwar was selected for a rapid assessment.
Case study Haridwar, Uttarakhand
Only two interviewed consumers were aware that the water stems from a RBF system, but none of them knew how the system worked. In terms of water quality, 50% of the respondents stated that the water they receive in the piped water supply system is a reliable and safe water source, whereas the others think that the water quality could be better; they complained about sand in the water and perceive the taste of the water sometimes to be saline. These respondents prefer groundwater, spring water and rainwater or think that the water should be filtered. Nevertheless, except for two respondents, all are satisfied with the provided water as the tariff is low, the water is cold and the water comes from the holy Ganga River. Almost all experienced some problems so far: the most often mentioned problems concerned interrupted supply during power cuts and sand in the water. Few respondents said that there is less water during summer or that the water quality during the rainy season is bad. One consumer uses an additional filter at home before using the water. This is a common practice in many households in India and serves as an extra precaution.
When asked for possible improvements, they proposed to improve water quality and increase water production.
The main institution involved is the Uttarakhand State
Water Supply Organisation (UJS) which is operating the system. The main tasks encompass the collection of revenue from the consumers, management of water supply, routine maintenance, studies for improvement (feedback from consumers, own operational experience) and to make improvement plans (e.g. improved design of well-filters).
Monitoring is also conducted by UJS: the quality of the pro- 
) or deteriorates (UNESCO ). With respect to
user acceptance, the study of Pangare () has shown evident in the existing studies that benefits are not distributed evenly among the whole community, but that those who own land benefit more than landless people.
Opportunities
With more than 60% of irrigated agriculture and 85% of drinking water supplies dependent on it, groundwater is a vital resource for rural areas in India (World Bank ).
Consequently, RBF has the potential to serve as a supplement to groundwater abstraction provided suitable hydrogeological, technical and institutional conditions exist. Even if currently only one communally managed rural RBF scheme study could be identified, its results demonstrate that RBF has a potential for rural and periurban areas without a centralised drinking water supply.
MAR has a very long tradition in India, but many of the traditional systems have been replaced by centralised systems relying on surface or groundwater. A study on the potential 
